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All the equipment in this building — the 3-stage, 6-cylinder 
1500 h.p. cir compressor; the air heater that produces 
3,000,000 B.T.U. per hour; the intricate measuring and 


recording devices — is devoted to jet fuel research. 


By producing accurate simulations of all pres- 
ent and anticipated flight conditions, Texaco 
scientists can evaluate the performance of jet 
fuels in full size, actual combustors —keeping 
Texaco “flying ahead of the jets” in the vital 
field of aviation. 

This is one of the country’s oldest and most 
comprehensive combustor research programs. 
It is the only one of such magnitude in the 


petroleum industry and is financed solely by 
Texaco. 

Lubricants as well as fuels are constantly 
under study at Texaco Research Laboratories. 
One result has been that — 


During the last twenty-three years, more 
scheduled revenue airline miles in the United 
States have been flown with Texaco Air- 
craft Engine Oil than with all other brands 
combined. 


Talk to a Texaco Aviation Representative. 
Just call the nearest of the more than 2,000 
Texaco Distributing Plants in the 48 States, or 
write The Texas Company, 135 East 42nd 
Street, New York 17, New York. 
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An Hardness Problem 


The hardness of a chemically-pure solid compound 
is one of its several important physical characteristics 
and can therefore be used in helping to identify it. 
However, it is not generally realized that most com- 
mon engineering materials are mixtures or combin- 
ations of several pure compounds, consequently the 
hardness of the bulk material will vary widely de- 
pending upon where the hardness measurement was 
obtained and what pure compounds in the close 
vicinity of the measurement were actually respon- 
sible for the result. Thus the ordinary hardness 
measurement is merely a ‘‘bulk”’, ‘average’ or ‘‘gen- 
eral’’ determination over a relatively large area: it 
is neither confined nor selective nor precise enough 
to measure the hardness of tiny material compo- 
nents such as individual crystals and inclusions 

Fortunately for the laboratory technologists and 
the customers they serve, the very special hardness 
neasuring device illustrated in Figure 1 has become 
available in recent-years. Its basic features include 
(1) a finely-finished diamond-shaped indenter 
test point, (2) a means for applying any of a wide 
range of accurately measured loads so as to force 
he indenter into the unknown material, (3) a 
specimen holder with micrometer adjustments to 
accurately locate the desired point of indentation 

nd (4) an optical system with high magnification 
used initially to select the point jentation and 
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Figure 2 -- Micro hardnesses on needle eye. 
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Figure 4 — Photoelastic effect (transmission of polarized light through loaded plastic gearing). 


eye in a small steel sewing needle, presents a spec- 
tacular example of the applicability of this special 
apparatus. The large diamond-shaped indentations 
were made with a heavy load on the indenter; small 
indentations were caused by light loads. The uni- 
form length of the medium-sized horizontal dia- 
monds indicates that the needle was quite uniformly 
hardened throughout the examination area. Note 
particularly that the high precision of the instrument 
permitted no less than ten separate hardness meas- 
urements to be taken across the narrow sidebar of 
the needle’s eye. 

Figure 3, a photomicrograph at 250 diameters of 
a tin base babbitt bearing alloy, gives another ex- 
ample of the selectivity of this hardness tester. Such 
an alloy is normally composed of about 91% tin 
with 414, % each of antimony and copper. The large 
square white objects are actually tiny and normally- 
invisible cubical crystals of a definite tin-antimony 
alloy, surrounded by the grey-colored matrix com- 
posed essentially of tin. The several diamond-shaped 
impressions illustrate the ability of this hardness 
tester to preselect and measure individual tin-anti- 
mony crystals, in fact three such measurements were 
easily made on a single crystal. Since one indenter 
load was used throughout this sample, the lengths 
of the various diamonds directly indicate differ- 


ences in hardness, the tin-antimony crystals being 
relatively hard in comparison with the soft tin 
matrix. Some plain bearing experts theorize that the 
hard crystals in such an alloy carry most of the load 
while the softer matrix merely holds and allows 
them to conform to the journal. 

For additional examples of applications of this 
equipment see the “Aircraft Drive Pinion” and 
“Spur Gear Wear” Problems on Pages 38 and 41. 


Figure 5 — Photomicrograph (50X) of aviation cylinder-barrel 
thread 
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A New Car Gumming Problem 


An automotive manutacturer sutfered severe car- 
buretor gumming and intake valve sticking almost 
before new cars rolled off the assembly line, and 
the gasoline was immediately blamed. Associated 
with the deposits, however, the petroleum labo- 
ratory chemists found zinc chloride, not only a 
common ingredient of soldering fluxes but also a 
powerful catalyst in forming gasoline gum. The 
gum trouble stopped when the gasoline tank manu- 
facturer did a more thorough job of washing flux 
residues from his tanks. 


A Gear Tooth Design Problem 


As subsequently illustrated on this page in the 
Cylinder Barrel Problem’’ and the “Worm Gear 
Problem”, seemingly insignificant details in design 
or manufacture of a machine element can have tre- 
mendous effects on its useful life. Furthermore, 
design detail quickly becomes hypercritical when 
load or speed or temperature is increased. 

Figure 4 is presented to illustrate the effect of a 
detail in the design of a certain gear, as demonstrated 
by the photo elasticity method. The two gears shown 
were accurately machined from a transparent plastic, 
mounted on correctly spaced axes in a loading frame 
with one gear fixed and the desired torque applied 
to the other. When polarized light is projected 
through such a plastic while under stress, the exist- 
ence and distribution of the internal stress in the 
gears is indicated by changes in the optical proper- 
ties of the plastic such that it produces a series of 
rainbow-colored fringes and bands of significant 
width and shape. Though the black and white image 
of Figure 4 is neither as colorful nor as spectacular 
as the image in the polariscope, it is actually more 
useful for analytical purposes as the fringes are more 
sharply defined and can be counted more easily. A 
monochromatic illuminant such as the green line of 
the mercury arc produces very sharp, crisp stress 
fringes well suited for stress analysis. Furthermore, 
it seems that the narrower the band, the higher the 
stress gradient; contrariwise a broad band or patch 
locates a more uniform stress distribution and often- 
times a less dangerous stress situation. 

The reader's attention is now invited to the point 
of contact between the two gear teeth on his left 
where the existence of high load is indicated by the 
close spacing between a series of multiple concentric 
bands. Of interest but of secondary importance is 
the fact that the two teeth on the reader's right are 
sharing part of the total load. 

Also notice that the innermost fringe is essenti- 
ally circular in shape which means that the maximum 
stress intensity is located in the worst possible place 
as far as endurance life is concerned — near the al- 
ready overworked tooth surface. In fact the peak 
stress can be seen to exist a very short distance 


beneath the contact point (and not at the surface) 
which accounts for the shallow depth to which 
fatigue metal spalls out on an overworked pinion. 

Now observe that the junctions between the tooth 
surfaces and body of the lower gear are sharp right 
angles and that stress fringes have concentrated 
dangerously at these points. An actual gear made to 
the same design would be prone to tooth breakage. 
At the opposite extreme, the teeth of the upper gear 
are filleted or radiused at their roots, which effec- 
tively modified the stress pattern into wide harm- 
less patches of low intensity. In summary, these two 
plastic gears nicely illustrate the major importance 
of a seemingly minor change in design or construc- 
tion. 


A Cylinder Barrel Problem 

An airlines operator reported that cracks were 
being found in cylinder barrels on aircraft engines 
of a particular make and model that had previously 
given excellent service. 

The petroleum engineer investigated and deter- 
mined that all cracks started on the exhaust side of 
the cylinder-head threads, then progressed circum- 
ferentially around the barrel for several inches or 
until the cylinder head was blown off entirely. 

As illustrated in Figure 5, a photomicrograph of 
the sensitive barrel section obtained which 
showed that the sub-contractor who manufactured 
the barrels had omitted the specified 0.005-inch 
radius at point A in the root of the thread. The 
resultant concentration of stress at the higher oper- 
ating temperatures near the exhaust valve was re- 
sponsible for the accelerated fatigue cracking. The 
“Gear Tooth Design Problem” on this page illus- 
trates a similar effect at ordinary temperature. 


A Worm Gear Problem 

A truck operator complained that because of in- 
correct lubrication, excessive wear had occurred on 
the bronze worm gear shown in Figure 6. To an 
expert eye this “wear” seems to be the spalling or 


was 


Figure 6 — Damaged bronze worm gear teeth. 
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Figure 7 — Photomicrograph (5OX) of tooth cross-section. 


flaking which is typical of a fatigue or material 
failure. Furthermore the fact that all the spalled 
areas are on the same end of the teeth suggests a 
concentration of load caused by misalignment be- 
tween the worm and worm gear. Such misalignment 
could be caused either by inaccuracy during the ori- 
ginal manufacture or by the subsequent application 
of excessive loads which warped the gear case and 
gears out of alignment. 

To obtain confirmation, however, the oil engineer 
forwarded the worm gear to his supporting labora- 
tory which sectioned the spalled area of a repre- 
sentative tooth and obtained the photomicrograph 
presented as Figure 7. Careful examination of this 
micrograph will show a series of fine and frequently 
inter-connected cracks leading to the left and down- 
wards from the spall ‘crater’. The crater itself was 
originally formed by sub-surface fatigue failure of 
the bronze and the photograph illustrates the pro- 
gressive extension of this failure. 

All materials lose strength as their temperature 
is raised and bronze does so very rapidly. Unlike all 
other gearing, the contact between a worm and 
worm gear is wholly of a sliding nature and not 
easily lubricated. It might therefore be argued that a 
lubricant with inadequate load-carrying ability could 
be responsible for such a failure since it would 
permit higher friction and higher operating tem- 
perature, which in turn reduce the strength of the 
material as well as its resistance to fatigue. In this 
instance, however, the obvious concentration of load 
and damage on half the tooth surface would com- 
pletely absolve any lubricant 


A Monday Problem 


One summer Monday morning all the girls in 
a midwestern factory complained of reddening and 
severe itching on their legs. Whether through mere 
reflex action in this emergency, or as a deliberate 
means of getting top notch technical assistance 
quickly and cheaply, the manufacturer summoned 
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the oil engineer. But within four days and before 
he had hardly begun, the complaint vanished as 
mysteriously as it had appeared. The investigation. 
of any sporadic or non-repetitive complaint is always 
difficult and this was particularly frustrating. 

But on another Monday morning almost exactly 
a year later, the girls again complained of intense 
itching. The reopened investigation disclosed that 
both Monday mornings had followed company pic- 
nics on the preceding Saturdays and that the “‘derma- 
titis’”’ was actually the result of “chiggers’’ or ‘'red- 
bugs”. These microscopic but potent insects are 
prevalent in the grasses and bushes of the midwest 
and brush off to bury themselves in the skin of the 
unwary passerby. Intense itching occurs which sub- 
sides however without treatment in four or five days. 
As is so often true, this was definitely a non-petro- 
leum case, though it could have been prevented by 
advance dusting with a petroleum by-product - 
sulphur powder. 


An Instrument Bearing Problem 

As illustrated in Figure 8, unbelievably small pre- 
cision ball bearings are now made for instruments 
and control mechanisms in aeronautic and missile 
applications. Though the quantity of grease required 
is microscopic (they are factory-lubricated with a 
tiny drop through a hypodermic needle), the gual- 
ity of the grease for a particular intended application 
is extremely important. Since several different 
greases were used in a certain bearing plant, con- 
fusion occurred and the manufacturer's problem was 
to be able to quickly detect and correct confusion by 
being able to identify the grease in random sample 
bearings from his production line. 

The petroleum laboratory solved the manufac- 
turer's problem by developing a simple identifica- 
tion method which is now used routinely as a 
production check. The bearing with its grease charge 
intact is placed in a tiny beaker covered with a 
paper strip impregnated with a suitable chemical 
reagent. When warmed for about two hours the 


Figure 8 — Instrument ball bearing 0.10 inch OD. 
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operators merely wiped themselves off with a rag 
and washed only at home, thus both the amount and 
length of exposure were far greater than necessary. 





As is usually true, the all-important accurate diag- 
nosis is most difficult while the cure is simple. In 
this instance the problem was solved by the installa- 
tion of protective shields on the test stands and the 
provision of adequate washing facilities near them. 


An Aviation Piston Ring Problem 
An airlines Operator complained that piston rings 





and especially the top rings, were wearing out very 
rapidly with consequent high oil consumption, some 
piston-ring land breakage, and some complete piston 
and engine failures. Figure 9 at 8-diameter magni- 
fication shows a side view of the chrome-plated top 
ring (distinguished by its etched appearance), and 
the plain cast iron second ring (with noticeable sur- 
face scratching). Figure 10 at 15-diameter magnif- 
cation presents a cross-sectional view of the wedge- 


Figure 9 — Aviation piston rings (cylinder contact surfaces). 


paper strip develops a distinctive color that can be 
matched with similar strips from known greases 
This js another example of identification by com- 
parative rather than absolute methods 





An ATF Dermatitis Problem 


An automobile manufacturer reported that soon 
after beginning to use it, a certain brand of ATF 
(Automatic Transmission Fluid) caused dermatitis 
on employee hands and forearms, that both the 
union and the city health department had joined in 
the complaint, and that the latter was threatening 
to close the entire plant. The oil engineers’ investi- 
gation first disclosed that another much-larger auto- 
mobile manufacturer had been using vast quantities 
of the same fluid for more than three years without 
difhculty, which indicated something peculiar in the 
complainant's factory or usage. Further investigation 
showed that only a few employees were affected and 
that all were employed in the transmission testing 
department. On-the-spot observation of the test 
stands showed that when a pressure relief valve on 
each transmission automatically opened, the test 
operator's hands and arms were sprayed with fine 
but penetrating droplets of ATF. Furthermore, the 
plant’s sanitary facilities were so distant that the 


shaped chrome-plated top ring in its grossly worn 





Figure 11 — Photomicrograph (100X) of extraneous abrasives 
(quartz, steel, silicon carbide) 


groove. The chrome-plated peripheral coating on 
what was supposed to be the major wearing surface 
is plainly evident. 


By examining the airline’s maintenance records, 


all cases of excessive wear had originated in used 
vlinders that had been reconditioned by the airline. 
Several newly overhauled and ‘‘cleaned”’ cylinders 
still in stock were washed with solvent and each was 
found to contain from 34 to 104 milligrams of the 
foreign material magnified to 100 diameters and 
shown in Figure 11. X-Ray diffraction analysis of 
Figure 10 — Photomicrograph (15X) of cross-section of worn the foreign material identified it as an extremely 
xture of quartz, steel particles and silicon 








aviation top ring in piston ring groove abrasive mi! 
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Figure 12 — Worn chain-drive sprocket 


carbide. In other words, and because of inadequate 
cleaning procedures during overhaul, this operator 
had “built in’’ his wear with foreign abrasives. 
Since aircraft engines do not use air cleaners, sim- 
ilar excessive wear will occur when planes are o 
ated off dirt runways or in dusty desert country. 


ne 
per 


A Rusty Wrist Pin Problem 

A manufacturer using soluble cutting oil while 
grinding steel engine wrist pins suddenly experi- 
enced severe rusting of these finely-finished parts 
which ruined them overnight. Since a good soluble 
oil has considerable rust-prevention capacity, the 
oil in this case was blamed. 

But a bacteriologist with his powerful microscope 
found swarms of a bacillus common to sewage in 
the soluble oil emulsion, and demonstrated that this 
bacillus had the hitherto unsuspected ability of dis- 
integrating soluble oil emulsions and ruining their 
rust preventive qualities. Since purification of the 
water was impractical, a bactericide was used to cor- 
rect this rusting problem. 


A Chain Sprocket Problem 


The user of a machine which employed a silent 


Figure 13 — Research metallograph. 


March, 1958 
chain and sprocket drive complained that the cast 
iron driven sprocket, as illustrated in Figure 12, 
wore excessively and that presumably the lubricant 
was at fault. In this instance, the investigating lubri- 
cation engineer may have missed an opportunity to 
solve the complaint right on the spot by merely 
noting whether or not the driving sprocket was sim- 
ilarly worn. The driving sprocket receives the same 
lubricant and the chain subjects it to the same tooth 
loading: if it were also made of cast iron but was 
not worn, the lubricant would have been absolved 
automatically. 

In the absence of this field observation, metal- 
lurgists of the supporting laboratory sectioned and 
polished a representative sprocket tooth, etched it, 
and using the research metallograph illustrated in 
Figures 13 and 14, obtained the metallograph or 
photomicrograph of the metallic structure illustrated 


Figure 14— Research metallograph; 


mount. 


close-up of specimen 


in Figure 15. In this structure, the thread-like flakes 
of graphite in the right hand part of the photograph 
represent a long-wearing cast iron, however, the dot- 
like graphitic clusters in the left hand portion are 
characteristic of a cast iron with unsuitably low wear 
resistance. Obviously, no lubricant could be expected 
to correct such a metallurgical variance. 


An ATF Depreciation Problem 
Within a few 


hours the new automatic trans- 


[ 36] 
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Figure 15 — Photomicrograph of variable-structure cast iron 


missions from the production line of a well-known 
manufacturer began to sludge up severely and, of 
course, the ATF (automatic transmission fluid) was 
bl&med. Chemical tests on the complex fluid addi- 
tives seemed to confirm since they showed severe 
degradation both in additive quantity and quality. 
But continued investigation by the oil engineer dis- 


covered that a newly-installed heat exchanger in the 


factory's fluid-fill system was not only severely over- 
heating the fluid, but that several leaks in the ex- 
changer allowed high pressure super-heated steam 
to be injected into the fluid to complete its destruc- 
tion. In brief, the fluid’s ‘‘faults’’ were corrected by 


the installation and proper operation ofag 
exchanger. 


100d heat 
A Capillary Tubing Problem 
Metallic capillary tubing is widely used in house- 


hold refrigerators as a simple, inexpensive and 
highly reliable method of expanding the refrigerant 


Figure 16 — Cross-section of capillary tube with internal 
deposit. 


to a lower pressure and thus producing a cooling 
effect. One manufacturer, however, began to experi- 
ence stoppage of this important tube shortly after 
his refrigerators were sold and placed in service. 
Oil for the refrigerating compressor circulates freely 
throughout the system and was therefore a prime 
suspect. Since the internal bore of such a capillary 
is only a few thousandths of an inch in diameter, a 
tiny amount of any solid contaminant in the system 
would eventually reach its upstream end and clog it. 
Figure 16 illustrates a greatly enlarged cross- 
section of such a capillary with deposit beginning to 
form within it. Figure 17 presents a longitudinal 
section of another sample capillary at the point 
where its upstream end is brazed into an intake fit- 
ting. It will be noticed that the brazing operation 
has constricted the tube at this critical point and that 
all the deposit has formed downstream therefrom. 


Figure 17 — Longitudinal section of capillary brazed joint and 
internal deposit. 


With this evidence to guide him, the oil engineer 
recommended (1) better methods of cleaning each 
refrigerating system more thoroughly of manufac- 
turing contaminants before charging the refrigerant 
and compressor oil and (2) a method of locating 
and brazing the capillary which prevented constric 
tion. The manufacturer enthusiastically 
these recommendations and solved his capillary tub 


ing problem 


A Fuse Head Problem 

During the manufacture of a military fuse head, 
a tiny hole was drilled. The § 
sitive drill presses complained that their hands were 
being reddened with typical dermatitis and the man- 
ufacturer assumed that soluble cutting oil used in 
drilling was Investigation first disclosed 
that the girls were required to hold the fuse heads 
during the delicate drilling operation and were 
therefore and continual contact with the 
fuses. Further search developed that in the just- 
preceding manufacturing step the fuse heads had 


been washed in a special solvent, that they were still 


adopted 


girls operating the sen- 


the cause. 


in close 
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Figure 18 — Infra-red absorption spectrographs of three fatty acid samples. 


wet when delivered to the girls and finally, that the 
solvent itself was causing the dermatitis. ¢ hange to 
another and more volatile solvent solved the prob- 
lem, the girls were ‘easing gain and the cutting oil 
was absolved. 


A Deposit tg Problem 


Deposits were det ra in a machine which uti- 


lized both a soluble oe and grease. Which, if 


either, was responsible ? 


As illustrated in Figure 18, the petroleum labo- 
tory fixed responsibility by separately extracting 
the total fatty acids (TF A) fror n the deposit, the 
grease and the soluble oil, and subjecting them to 
i -red absorption spectroscopy*. As may be seen 
Figure 18, the instrumental traces from the 
fatty acids of the deposit and the grease are 


1 
| 


2/ 


* See Pages 1-5 
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not only quite similar, but both are quite different 
from that of the soluble oil, therefore the grease 
was responsible in some manner for the deposit 
formation. 


An Aircraft Drive Pinion Bushing Problem 


An aircraft operator complained of the short serv- 


Figure 20 — Bearing surface of drive-pinion bushing. 
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Figure 21 — Photomicrograph of bushing section. 
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Figure 22 — Rusting of new circular saw blade 


swallowed up’’ by the bronze as indicated 
at the right ends of 
several tracks. Imbe ability to isolate for- 


eign particles and make less harmful to the 


by the slightly raised “warts” 


journal, is one of the desirable characteristics of a 
good bearing 

Figure 21 presents a cross-section of the bearing 

rface with two partly imbedded foreign particles. 
he diamond-shaped hardness impressions on these 
particles and on the bronze not only indicate that 
the particles are much harder than the bronze but 
specifically identify them as bits of hardened steel 
By painstaking backtracking through the aircraft 
operator's overhaul procedures, the oil engineers de- 
that the 


J + j + 1 rect 
Nardeneéd steel egrit 


termined foreign particles originated as 

used in a grit blasting opera- 
tion to Improved 
housekeeping by the aircraft operator eliminated his 
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Figure 23 — Corroded tapered roller bearing 


A Rusty Saw Problem 
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saw blades which destroyed their saleability. Acting 
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Figure 26 — Photomicrograph of used tube section showing 
incipient perforation. 

rust preventive oil which contained special additives 
capable of removing and neutralizing the sodium 
chloride, water, and organic acids that are contained 
in perspiration and fingerprints. Further protection 
was afforded by having the workmen wear gloves 
during manufacture and final packaging 


A Tapered Roller Bearing Problem 


A customer submitted the roller bearing portrayed 


in Figure 23. The original bearing and its lubricant 


} 


were liberally contaminated with both red and black 
material. The problem was to determine the 
of the contaminant and 1 

Using X-ray diffraction equipment 
Figure 24 and described in LUBRIC 


illustratec 1 
ATION for 
January 1958, the laboratory analyst determined that 
the contaminant was an iron-oxygen ¢ 

specifically the alpha fe 


rated in 


Figure 24 — X-ray film diffraction equipment. 


Figure 27 — Photomicrographs of sections from new (upper) 
Figure 25 — Perforation in aircraft oil cooler tube and used (lower) oi! cooler tubes 
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an instance where the laboratory was given 
tremely difficult task of analyzing a hole: in 


I 
1 


other words, it was literally expected to work on 
to find what caused the nothings 
The upper portion of Figure 27, a photomicro- 
graph of a section from a mew tube, exhibits a series 
‘ grey bodies with about the same size, shape, and 
tribution (though of different color) as those 
Figure 25. The laboratory determined that the 
»dies were ma gnesium silicide (Mg,Si). Further 
nvestigation developed the most unusual fact that 
nagnesium silicide decomposes when exposed to 
hot water. Toc heck t this possibility, a piece of a new 
ooling tube was merely boiled in water for a few 
inutes before obtaining the photomicrograph 
the lower part of Figure 27. The marked 
abet this latter picture and that of 
26 proved that the mysterious black “bodies 
actually holes or voids that were left when 
Figure 26 — Photomicrograph of section of spur ever teeth ry hot water had removed the original mag- 
| bodies 


With this information as a clue, the oil engineer 


1S characteristi 
by heavy reversible loadit tion Vv i 
Had ordinary a Sa : to clean out oi! cooler tubes with pi a 


quickly found out that the airline had recently begun 
movement. 
taminant would have 

(Fe,O,-H,O) and the 


sought a source of wat 


} 


and realizing that such a solvent 
to engine oil, the airline the 


An Aircraft Oil Cooler Problem 

An airlines operator who was justly proud of his 
maintenance, sudder d leak failur 
in numerous engine oil coolers. These coolers ar 
composed of bund! f many seamless metal tubes 
about the diameter and thickness of soda straws. and 
manufactured from alun m alloyed with magne 


} 
sium and sili 


Figure 30 — Variation in gear tooth hardness 
the tubes by a ing steam through 
n, tl dissolving out the magnesium silicide 
nclusions and making the cee “This was one of 
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»rocedure solved the airline's coolant tubing prob- 
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A 7 Gear Wear Problem 
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Figure 3! — Damaged copper-leod bearing half 


section of a representative gear tooth which the 
laboratory moulded into a mottled bakelite holder, 
polished to a flat surface and etched to reveal grain 
structure. For example, the dark band extending 
inward from the tooth’s contact surfaces is a result 
of the carburizing process used to harden the wear- 
ing surfaces. On the basis of this evidence alone, onc 
might presume that the carburization had been quite 
uniform and that the gear had been adequately 
hardened. However, unproven presumptions are 
often incorrect and misleading: by check and re- 
check a scientific investigator either rejects them or 
proves that they are reliable substantial facts. 

In Figure 28, what superficially appears to be a 
simple white line is actually composed of more than 
50 closely-spaced and diamond-shaped hardness im- 
pressions. A closer examination, especially near the 
contact surface, will reveal indications of the indi- 
vidual diamond impressions. Furthermore, the 
width of the white line increases as it extends into 
the interior of the tooth, thereby indicating an 
apparently normal decrease in hardness. 

Figure 29 presents a magnified section of the 
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white line and again to the unaided eye, the lengths 
of the diamonds seem to increase rather uniformly 
from the tooth wearing surface at the reader's left. 
But in Figure 30 which presents a plot of the accu- 
rately measured hardnesses, it will be seen that the 
tooth wearing surface is actually a relatively soft 
‘skin” with greatly reduced wear resistance, and that 
the desired hardness was buried more than a half- 
millimeter within the tooth where it was of little 
use. Further investigation in the manufacturer's 
plant showed that the atmosphere in his heat-treat 
ing furnace was oxidizing and decarburizing the 
tooth surface: correction to either a neutral or a 
reducing atmosphere restored the surface hardness 
of the gears and eliminated the wear problem. 


A Copper-Lead Bearing Problem 
A copper-lead bearing consists of a layer of a 
mixture of metallic copper and lead which is metal- 


Figure 33 — Photomicrograph showing lead corrosion in 
copper-lead bearing. 


lurgically bonded to a steel back by casting from the 
molten state or by sintering a powdered compact. 
It is then formed into a precision bearing like the 
predecessor unused version of that shown in Figure 
31. The copper which gives an unused bearing its 
readily identified red color ts in the form of a matrix 
or sponge with the interstices filled with metallic 
lead. Thus the copper which in itself is a poor bear- 
ing material is used to furnish strength to the metal 
lic lead, which is an excellent bearing material but 
with little strength. Because of this mechanical com- 
bination of properties, copper-lead bearings give 
superior performance on crankshafts and connecting 
rods of heavy duty gasoline and diesel engines. 
However, like any other bearing material, copper- 
lead is subject to fatigue, to embedments of foreign 
materials and to corrosion of either the copper or 
lead components. The causes and cures for these 
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Figure 34 — Photomicrograph showing fatigue in a copper- 
lead bearing. 


various ills are quite different, therefore an accurate 
diagnosis on a sick copper-lead bearing is always 
necessary and has previously been quite a problem 
For example, and as illustrated in Figure 31, an 
unaided visual examination of a bearing is of little 
value and any conclusions based thereon can be very 
misleading. 

Figure 32 presents another example of uncer 
tainty. While the multitude of vertical hairline 
cracks and the black voids (where the copper-lead 
material has been removed from the steel backing) 
both suggest fatigue, was the fatigue preceded and 
abetted by corrosion? Was the longitudinal groovy 
ing caused by solid contaminants in the oil stream or 
by fragments of the bearing itself? Only a more 
intensive examination with specialized equipment 
can accurately answer such questions. 

Figure 33 presents a photomicrograph of a cross 
section from a damaged copper-lead bearing, with 
the black bakelite specimen mount at the top, the 
bearing surface and copper-lead bearing material 
next below and the steel backing at the bottom. The 





Figure 35 — Special photographic equipment for concave and 
convex surfaces. 


irregularly shaped white portions are the copper 
matrix, while its interstices are filled with the grey 
colored metallic lead. (Of course, in the color photo- 
graphs that are advantageously employed in work 
of this sort, the copper appears in its normal red 
color while the lead has a white metallic luster.) 
The wavy boundary between the steel back and the 
copper lead lining shows the deliberately-coarse 
turning used by some manufacturers to increase 
the strength of the bond. 

The reader's close attention is now invited to the 
black voids in the upper portion of the copper lead 
material, and to the important fact that they are 
extensions of the grey colored lead component. In 
other words, something has removed metallic lead to 
a considerable depth leaving the white copper matrix 
unchanged. This, then, is an example of lead corro- 
sion. As lead is removed, the copper matrix is left 
unsupported and easily hammers down to a mass of 
not only provides a 
poor bearing, but one with greatly increased running 
clearance to aggravate fatigue failure even if corro- 


pure copper fragrants which 


sion is stopped 





Figure 36 — Planar photograph of concave copper-lead 
bearing surface. 


Though metallic lead is strongly resistant to the 
action of strong inorganic acids like sulphuric, it 
is easily dissolved by numerous organic acids like 
formic (CH,O,), acetic (C,H,O,), propionic 
(C,H,O,), butyric (C,H.O,), and even the “weak 
carbonic acid (H2COs) that is formed when rain- 
water dissolves carbon dioxide from the air. When 
partly oxidized, organic materials like lubricating oil 
and some fuels tend to form organic acids, therefore 
it is probable that the lead attack exhibited in Fig- 
ure 33 was either od or fuel corrosion. Antioxidant 
additives in lubricating oils, decreased operating 
temperatures, and controlled drain periods are some 
of the methods used to prevent this type of corro- 
sion. The bearing surface of some copper-lead bear- 
ings has also been coated with a thin layer of indium 
or a lead-tin alloy, effective corrosion preventives as 
long as they remain unbroken 

‘he corrosion of the copper in cop 
ings is effectively prevented by 
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modern fuels and 
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Figure 37 — What happened? 


lubricating oils and is therefore so rare that an exam- 
ple can not be presented 

A careful examination of Figure 34 will show 
that while the multiple black lines are actually cracks 
through masses of lead, there has been no removal of 
lead. In other words, corrosion has not occurred and 
the damage is due to the purely mechanical stress 
type failure called ‘fatigue’. 

Two other interesting points are observable in 
Figure 34. First notice that the lengthy crack on the 
reader's right is of shape characteristic of fatigue 
failure since it descends more or less vertically from 
the surface then spreads laterally to either join 
another crack or return to the surface. An entire 
segment of material is thus freed, subjected to hy- 
draulic forces, and eventually ground up into par- 
ticles small enough to escape through the bearing 
clearance. 

Secondly, the prominent crack on the reader's left 
has descended vertically to the bond-alloy before 
branching laterally in both directions. This is an 
indication that the bond itself is of satisfactory 
strength, otherwise the vertical crack would have 
reached the steel backing. 

Due to distortions arising from foreshortening 
of surfaces at oblique angles to the camera axis, cyl- 
indrical objects like concave bearings and their con- 
vex journals have resisted photography of more 
than a very limited area. The advantage of an over- 
all picture of such objects with every portion in focus 
is manifest and is now obtainable with the labora- 
tory-designed-and-built apparatus illustrated in Fig- 
ure 35. In other words, such a specialized piece of 





equipment can photographically “unwrap” either a 
concave or convex surface to produce a flat image. 
Figure 36 presents such a photograph of a copper- 
lead bearing that has suftered heavily both from 
extensive fatigue and considerable grooving by solid 
contaminants in the oil stream. Notice once more 
that the edges of the fatigue voids are vertical and 
that most of the grooving has occurred in line with 
the central oil-supply hole 


A Complete Failure Problem 

A laboratory's successes tend to generate a repu- 
tation of complete invincibility. Figure 37 pictures 
the battered halves of an engine bearing to illustrate 
that there are definite insurmountable limits to the 
investigative, imaginative and deductive capacities 
of the best scientists. Imagine the frustration that is 
engendered by the receipt of such ‘evidence’ accom- 
panied by the pitifully naive question “What hap- 
pened?” In a complete failure such as this, the 
laboratory can be certain only of the obvious — it 
failed. The resulting ruin is so complete that all evi- 
dence that might indicate how or why it failed has 
been destroyed. To put it bluntly, in such cases a doc- 
tor can do nothing and only the undertaker profits. 


SUMMARY 
Many modern complex industrial problems can 
be solved only through the closest possible collabora- 
tion between the customer-user and the technical 
personnel of a major well-equipped petroleum 
laboratory. 
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Lubrication plan extends parts 
life —-in this case, 12 times 


We've just talked to a manufacturer who, in the 
past three years, has at least doubled the life of 
lubricated parts; and, in one case, increased the 
life of a large, expensive bearing twelve times! 
The same manufacturer succeeded in getting 
312,000 tons of production on another bearing 
where 30,000 to 40,000 tons was the accepted 
average. 

Developing opportunities for using modern 
lubrication plans like this, to turn regular losses 
into definite income, becomes a management 
function. And the management teams of quite 
a few major manufacturers are digging into their 
lubrication practices with the sole aim of making 
moving parts in operating machinery last longer. 

Large companies find that the services of a 
plant lubrication engineer pay off. He can extend 
parts life, eliminate downtime, reduce the num- 
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ber of rejects (even save on lubricant cost) and 
otherwise add to income. Both here and in cases 
where operating budgets preclude a staff member, 
Texaco’s organization of Lubrication Engineers 
functioning in all 48 States, can offer specific 
assistance. A more detailed discussion is available 
in an enlightening booklet: “Management Prac- 
tices That Control Costs Via Organized Lubrica- 
tion.” Write The Texas Company, Dept. L20, 
T35 East 42nd Street, New York 17, New York. 
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IN THE LAB: Engineers test Texaco 979 Roller Bearing 
Grease at Texaco’s Beacon Research Laboratories. This 7-ton 
test machine can operate at speeds up to the equivalent of 


100 m.p.h., apply up to 50,000 pounds vertical and 15,000 
pounds horizontal loads—can be made to duplicate or 
exceed actual rood service conditions. 


TEXACO 


979 Roller Bearing Grease 
proves best 


TEXACO 979 ROLLER BEARING GREASE is 
one of the original AAR-approved greases for 
journal roller bearings. Tests in Texaco Lab- 
oratories, tests by leading bearing manufac- 
turers, and millions of miles of actual service 
on leading railroads—all prove its superiority. 

Texaco 979 Roller Bearing Grease retains 
its consistency in prolonged service. It does not 
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soften excessively, hence strongly resists leak- 
age and stays in the bearing—assuring better 
lubrication, longer lasting protection, longer 
bearing life and lower maintenance costs. 

Let a Texaco Representative explain how 
you can benefit through the use of Texaco 
Railroad Lubricants and Systematic Engineer- 
ing Service. 
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